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Indirect T-cell allorecognition

and the mechanisms

of immunosuppression
by allogeneic blood transfusions

Abstract LEW rats given twice
weekly intravenous transfusions of
DA blood for 10 weeks showed a
strong antibody response to intact
DA class | antigens at day 7 that de-
clined to undetectable levels by
week 6. The response remained un-
detectable for the remainder of the
course, in spite of the repeated
transfusions of DA blood. At week 6
during the blood transfusion course,
the LEW rats were immunised with
a DA class I peptide known to be
recognised by LEW CD4 + T cells in
a LEW APC-dependent manner.
This resulted in the prompt reap-
pearance of a strong antibody re-
sponse to intact DA class I antigen.
However, in vitro T-cell prolifera-
tion responses to peptide 1 appeared
to be partially suppressed by the
blood transfusions. Immunisation of
LEW rats with this peptide 4 weeks
before commencement of the course
of DA blood transfusions prevented
the decline in antibody levels nor-
mally seen during the blood transfu-
sion course. These data indicate that

the multiple blood transfusions are
able to induce, in non-sensitised re-
cipients, a reversible suppression of
the indirect T-helper response spe-
cific for allogeneic peptides in the
blood transfusion. Although our
protocol of twice weekly transfu-
sions does not correspond to the
clinical pattern of blood transfu-
sions, our results raise the possibility
that antigenic cross-reactivity at the
level of small polymorphic MHC
peptides between blood and organ
donors might represent the immu-
nological basis for the beneficial ef-
fects of random blood transfusions.
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Introduction

In 1973, Opelz et al. [19] published the key clinical study
demonstrating that pre-graft blood transfusions im-
prove kidney allograft survival in patient populations.
The mechanisms involved in this beneficial effect have
been studied intensively in clinical and experimental
settings but remain obscure. Both non-specific and do-
nor-specific (2, 13, 14, 16] suppressor effects have been

observed using mixed lymphocyte reactions and cyto-
toxic T-cell precursor frequencies. Donor-specific sup-
pressor T cells have also been demonstrated in adoptive
transfer studies in rats [21] and mice [18].

At the level of the individual patient, blood transfu-
sions can be harmful by inducing sensitisation, and pre-
dicting which patients will benefit and which might be
harmed is not possible. In rodent systems, the blood
transfusion effect shows marked strain differences in ef-



277

fectiveness [7, 25]. In a combination where it is effective,
donor blood transfusions seem to inhibit IL-2 produc-
tion in responsive T cells [6].

In recent years, it has become clear that transplanta-
tion is unique in having two distinct pathways of T-cell
activation to donor antigens: the direct pathway, where
T cells recognise intact foreign MHC antigens on the
surface of donor cells, and the indirect pathway, where
donor polymorphic proteins are recognised as peptides
presented on recipient antigen-presenting cells (APCs).
The indirect pathway has been shown to play a role in
the effector mechanisms of both skin [9] and kidney [3]
allograft rejection.

To our knowledge, the blood transfusion effect has
not previously been considered in terms of direct and in-
direct T-cell allorecognition, with regard either to the
capacity of allogeneic blood transfusions to stimulate
or suppress these two distinct T-cell allorecognition
pathways, or with regard to the specificity of suppressor
T cells generated by allogeneic blood transfusions.

We have previously demonstrated that LEW
CD4 + T cells can recognise three synthetic peptides
corresponding to different regions of the DA RT1.A
class I MHC molecule in a LEW APC-dependent man-
ner [9]. More particularly, following natural processing
of DA class I molecules in LEW recipients of DA skin
and kidney grafts, recipient T cells respond in vitro to
one of these synthetic peptides [10]. This peptide there-
fore represents an ideal tool for the study of indirect al-
lorecognition in the context of blood transfusions in the
DA-to-LEW model. This mode] of the blood transfu-
sion effect has previously been characterised in detail
[7, 8, 20], and a twice weekly schedule of intravenous
transfusions for several weeks has been shown to induce
optimal immunosuppression with regard to both anti-
body and kidney graft rejection responses. Although
this protocol does not correspond to the clinical pattern
of exposure to blood transfusions, we felt it might be of

value for analysing the immune responses to allogeneic’

blood during a regimen of exposure that results in po-
tent immunosuppression.

In this study, priming to indirect T-cell allorecogni-
tion of DA class I antigens by peptide immunisation,
both before and during the DA blood transfusion sched-
ule, demonstrated among other things that multiple
blood transfusions cause a reversible suppression of vir-
gin CD4 + T-helper cells involved in indirect recogni-
tion of allogeneic peptides in the blood. It is possible
that the sharing of small polymorphic MHC peptides
might represent the key immunological connection be-
tween blood and organ donors, and might represent the
immunological basis for the beneficial effects of appar-
ently random blood transfusions in transplant patients.

Materials and methods

Experimental animals

Inbred DA (RT1*) and LEW (RT1') rats were purchased from
Harlan UK (Oxon, UK). All rats were males aged between 10
and 20 weeks. In all experiments, the “Principles of Laboratory
Animal Care” (NTH publication n0.86-23, revised 1985) and UK
guidelines were followed.

Peptides

The RT1.A* peptides termed peptide 1 and peptide 3 correspond
to amino acids 57-80 and 143-164, respectively, of the DA classical
class I MHC molecule [22]. These were synthesised by Cambridge
Research Biochemicals (Cambridge, UK) and supplied as a lyophi-
lised powder. This was dissolved in 0.15M NaCl, desalted on a
PD10 column (Pharmacia, Uppsala, Sweden) to remove any impu-
rities and stored at —40°C in small aliquots.

The control peptide, peptide 32, corresponded to amino acids
60-75 of the H-2Ab" mouse class IT molecule [15].

Peptide immunisations

LEW rats received 50 pg of unconjugated peptide in 0.15 M NaCl
emulsified in an equal volume of Freund’s complete adjuvant sub-
cutaneously in each hind footpad. Rats were boosted 4 weeks later
with the same dose of peptide emulsified in Freund’s incomplete
adjuvant. Control rats received saline emulsified in Freund’s adju-
vant by the above protocol.

Blood transfusions

DA rats were exsanguinated by bleeding into a syringe from the
aorta, under general anaesthesia. The blood was anticoagulated
with 20 units/ml heparin and used within 1.5 h of collection. LEW
rats received twice weekly intravenous injections of 0.5 ml of the
DA blood, diluted 1:1 in an equal volume of saline, via a tail vein.

Antibodies

Immunoadsorbent purified rabbit F(ab’), anti-rat F(ab’), (RAR)
was prepared as previously described [5] and iodinated using the
chloramine T method.

Indirect radioactive binding assays for alloantibodies to peptides '

Ninety six-well polyvinyl chloride (PVC) microtitre plates (Dyna-
tech, UK) were coated with peptide by adding 25 ul of peptide at
100 pg/ml in 0.15 M NaCl overnight. Control wells were incubated
with 0.15 M NaCl only. Plates were washed three times with 0.1 %
bovine serum albumin (BSA) in phosphate-buffered saline (PBS).
The wells were then incubated with 100 ul of 5% BSA/PBS for
1 h to block protein binding sites, and washed again as above. Tri-
pling dilutions of the sera to be analysed were made in 0.5%
BSA/PRBS, and 25 ul was added in duplicate to the PVC plates. Af-
ter 1 h of incubation, the sera were removed by aspiration, the
plates were washed as before and 50 ul of '*I-labelled RAR was
added (approximately 300,000 cpm per well in 0.5 % BSA/PBS).
The plates were again incubated for 1h before aspirating and
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washing as above. Individual wells were then cut out and bound ra-
dioactivity was measured in an LKB Minigamma spline gamma
counter. All incubations were at 4°C or on ice.

Indirect radioactive binding assays for alloantibodies to intact class
I molecules

DA red blood cells (RBC), which express membrane MHC class 1
molecules, were used as target celis at a concentration of 1 x 10°/
ml in 0.5% BSA/PBS. Tripling dilutions of sera to be analysed
were made in 0.5 % BSA/PBS and 25 ul of each serum dilution
was added to 25 ul of target RBC in plastic tubes. After 1 h of incu-
bation, target cells were washed twice by centrifugation. To the cell
peliet of the second wash was added 100 ul of '*I-labelled RAR
(approximately 300,000 cpm per tube) in 0.5% BSA/PBS. After
resuspension, the target cells were incubated for 1 h. They were
then washed twice as before, transferred to fresh tubes, and target
cell bound radioactivity was measured using the gamma counter.
All procedures were at 4°C or on ice. This assay has previously
been shown by back-cross studies to detect only class I MHC mol-
ecules in LEW anti-DA sera [11].

T-cell proliferation assays

T-cell proliferation assays were performed 10 days following pep-
tide boost. Cervical, popliteal and para-aortic lymph nodes were
removed aseptically and dispersed into a single-cell suspension in
Hepes-buffered RPM1 1640 (Gibco, Paisley, UK) containing 1 %
normal rat serum (NRS). The cells were washed twice and resus-
pended at 2 x 10° /ml in RPM1 1640 medium without Hepes, con-
taining 5 % NRS, 2 mM glutamine, 5 x 105 M 2-mercaptoethanol,
100 units/ml penicillin and 100 ug/ml streptomycin. One hundred
microliters of cells were placed in the wells of 96-well tissue culture
plates (Becton Dickinson, Oxford, UK). To the cells was added, in
triplicate, 100 pl of culture medium containing peptides 1,3 and the
control peptide 32 at 20 pg/ml, 10 ng/ml and 1 pg/ml and Conca-
navalin A (Con A) at 10 pl/ml as a positive control. Twenty-four
hours before harvesting, 1 ul Ci of tritiated thymidine in 20 ul cul-
ture medium was added to each well. Plates were harvested at
days 4 and 5. Cell bound radioactivity was measured using a rack
beta counter (LKB/Pharmacia, Herts, UK).

Results

Experimental models

Two experimental models were studied.

Model 1: Peptide priming during blood transfusion
course

Peptide immunisation

Week 012345678910 1112
LR B A A

Twice weekly blood transfusions

Group 1 (n=15) was the experimental group, as de-
scribed above. Group 2 (n =5) was a control group, as
for group 1 but given twice weekly saline transfusions
instead of blood transfusions. Group 3 (n = 5) was a con-
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Fig.1a, b The effect of peptide 1 immunisation during the blood
transfusion course on the antibody response to the blood transfu-
sions. LEW rats were given twice weekly intravenous transfusions
of DA blood for 11.5 weeks and were immunised at weeks 6 and
10 of the course with either a saline or b peptide 1 in Freund’s adju-
vant. Serum was taken from the rats before blood transfusion ()
and at weeks 1 ((]), 2 (A), 4 (O), 6 (V), 7 (M), 8 (A), 10 (@),
and 11.5 (). There were five rats in each group and all gave virtu-
ally identical results. Titrations from a typical rat in each group are
shown. Titrations are indirect radioactive binding assays, using DA
RBC as targets. Cpm refers to 'RAR bound per assay

Serum dilution
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trol group as for group 1, but given saline in Freund’sad-  .py 100

juvant instead of peptide immunisations.

Model 2: Peptide priming prior to blood transfusion
course

Peptide immunisation

Week 012345678910
T T

Twice weekly blood transfusions

Group 1 (n = 5) was the experimental group, as above.
Group 2 (n = 5) was the control group, as for group 1,
but given saline in Freund’s adjuvant instead of peptide
immunisation.

The effect on antibody responses of T-cell priming for
indirect allorecognition during a course of allogeneic
blood transfusions (model 1)

Twice weekly blood transfusions in the DA-to-LEW
strain combination result in a very strong antibody re-
sponse at day 7, followed by a steady decline to unde-
tectable antibody levels by week 6, despite repeated
transfusions. Antibody remains undetectable during
subsequent weeks of DA blood transfusions. This is
demonstrated in Fig.1a, and was reported many years
ago using lymphocytotoxicity assays [7]. Immunisation
with peptide 1 at week 6 during the transfusion course
is, therefore, a potentially interesting test of the func-
tional state of the T-helper cells specific for DA class 1
peptides, in a situation where B cells (if functional) are
abundantly exposed to intact DA class I antigen. The re-
sults shown in Fig. 1 b demonstrate that peptide 1 immu-
nisation resulted in a prompt re-appearance of antibod-
ies to intact DA class I antigens. These were detectable
7 days after peptide immunisation and were very strong
by day 14.

One can conclude, firstly, that the decline in antibody
levels to intact DA class I antigens during the blood
transfusion course was not a consequence of B-cell inac-
tivation and, secondly, that the frequent blood transfu-
sions scemed to cause a reversible suppression of T-
helper cell function. The latter conclusion assumes that
the T-helper pathway in response to the DA blood trans-
fusions involves conventional, cognate T-B collabora-
tion, where the T-helper cell receptor recognises peptide
fragments of the DA class I antigens on B cell class II
MHC molecules. It is also possible, although we think
it unlikely in the case of blood transfusions, that the T-
helper pathway involves direct recognition by LEW
CD4 + T cells of allogeneic dendritic cells. There would
appear to be relatively few immunogenic dendritic cells
in rat blood [12].

80
70
60
50
40
30
20

10

Med P1 P1 P3 P32 Con A

a 10 1 10 10

Peptide concentration (ug/ml)
100

90
80
70
60
50
40
30
20

10

P32 Con A

Med P1 P1 P3
10 1 10 10
b Peptide concentration (ug/ml)

Fig.2a, b T-cell proliferation responses to DA class I peptides fol-
lowing peptide 1 immunisation during a course of twice weekly
DA blood transfusions. LEW rats were given twice weekly transfu-
sions of a DA blood or b saline for 11.5 weeks and were immunised
with the DA class I peptide 1 in Freund’s adjuvant at weeks 6 and
10. Lymph node lymphocytes harvested at day 10 after the boost
were tested for in vitro proliferation to peptide 1, the DA class 1
peptide 3, the control peptide, medium alone and CON.A, as
shown. The results given are means and standard errors of triplicat-
es for tritiated thymidine incorporation on the 4th day of culture.
A similar pattern, but with lower cpm, was seen on the 5th day of
culture
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The effect of DA blood transfusions on in vitro T-cell
proliferation responses to DA class I peptides (model 1)

Following the booster injection of peptide 1 at week 10
of the blood transfusion schedule, the transfusions
were continued for a further 1.5 weeks, at which stage
the ability of lymph node lymphocytes to proliferate in
vitro to peptide 1 was tested. Control rats received sa-
line transfusions instead of blood transfusions. Four
pairs of rats were studied on separate occasions, one sa-
line and one blood-transfused rat on each occasion.
The results of a typical experiment are given in Fig.2.
Although non-specific suppression has sometimes been
noted after blood transfusion, the response to CON.A
was the same in blood and saline-transfused rats. How-
ever, the response to peptide 1 was substantially lower
in the blood-transfused rat illustrated in Fig. 3, especial-
ly when the lower concentration of peptide 1 was used
for in vitro stimulation. This pattern was seen in three
of the four pairs of rats studied. This suggests that a par-
tial suppression of the indirect T-cell response to pep-
tide 1 persisted in the blood-transfused rats, even fol-
lowing the immunisation with peptide 1 in Freund’s ad-
juvant.

The effect of DA blood transfusions on the antibody
response to DA class I peptide (model 1)

LEW rats given twice weekly injections of saline and
immunised with peptide 1 at weeks 6 and 10 showed
the expected antibody response to peptide 1 [9]
(Fig.3b). The response was essentially undetectable 1
and 2 weeks after primary immunisation, but was readi-
ly detected 4 weeks after priming and was stronger fol-
lowing the boost immunisation. This was precisely the
kinetics seen in LEW rats given twice weekly DA blood
transfusions and immunised with peptide 1. This sug-
gests that the blood transfusions did not cause any sensi-
tisation of the T-helper cells or the B cells responsive to
the peptide, and that any suppression of the anti-peptide
responses (if it occurred) was reversible by the immuni-
sation in Freund’s adjuvant at week 6. It can also be

« Fig.3a—¢ Antibody response to DA class I peptide during blood

transfusion course. LEW rats were given twice weekly a, ¢ DA
blood or b saline transfusions for 11.5 weeks, and were immunised
with a, b the DA class I peptide in Freund’s adjuvant or ¢ Freund’s
adjuvant alone at weeks 6 and 10. Sera were taken and tested for
antibodies to peptide 1 in solid phase assays prior to the transfu-
sions () and at week 1 ([T]), week 2 (A),week 4 (O), week 6
(V), week 7 (), week 8 (A), week 10 (@) and 10 days after the
booster injection, i.e. week 11.5 (W). There were five rats in each
group and all gave virtually identical results. Titrations from a typ-
ical rat in each group are shown. Cpm indicates > RAR bound
per assay
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Fig.4a,b The effect of prior immunisation with DA class I peptide
on the antibody response to DA blood transfusions. LEW rats were
immunised with a peptide 1 in Freund’s adjuvant or b Freund’s ad-
juvant alone and at week 4 after this priming were given twice
weekly DA blood transfusions for 6 weeks (from weeks 4 to 10).
Sera were taken and assayed for binding to DA RBC prior to pep-
tide priming () and at week 2 ((T]), week 4 (A), week 5 (@), week
6 (v), week 8 (D) and week 10 (A) after peptide priming. There
were five rats in each group and all gave virtually identical results.
Titrations from a typical rat in each group are shown. Cpm indi-
cates 'T RAR bound per assay

seen that multiple DA blood transfusions do not of
themselves stimulate an antibody response to peptide 1
(Fig.3a weeks 1-6, Fig.3¢).

The effect of priming with peptide 1 on the antibody
response to subsequent DA blood transfusions (model
2)

LEW rats primed with peptide 1 and subsequently given
a course of twice weekly DA blood transfusions showed
a completely different pattern of antibody response to
the DA blood. It can be seen from Fig.4a that, instead
of antibody to intact DA class I declining from the 2nd
week of the transfusion course, the response continued
to increase throughout the course. This was not a conse-
quence of any non-specific effects of adjuvant, since
LEW rats primed with adjuvant alone showed the ex-
pected decline of antibody to intact DA class I during
the blood transfusion course (Fig.4b).

Thus, priming to indirect allorecognition prevents the
suppressive effects of the blood transfusion.

Antibody responses to peptide 1 in peptide 1-primed
rats given subsequent DA blood transfusions (model 2)

The antibody response to peptide 1 in the LEW rats
primed with peptide 1 and given a 6-week course of DA
blood transfusions from week 4 is shown in Fig.5. The
primary response to the peptide immunisation was as
previously noted in Fig. 3 a, b. Although a booster injec-
tion of peptide at week 4 gave a substantial increase in ti-
tre, as shown in Fig.5, the blood transfusions did not do
so. This is probably because the DA blood is unable to
provide DA class I peptides for B-cell stimulation.

It can also be noted that the blood transfusions did
not suppress the anti-peptide response, but this was to
be expected, as the blood transfusions do not suppress
T-helper function in primed animals, as shown in Fig. 4.

Discussion

The mechanisms whereby random pre-graft blood
transfusions improve kidney allograft survival in patient
populations remain obscure. Although blood contains
some dendritic cells [24], they are few in number and
their survival following storage might be compromised.
It is probably the case that the main immunogenic stim-
ulus provided by blood transfusions involves the indi-
rect pathway, where donor blood polymorphic proteins
(irrespective of cell source or cell viability) are pro-
cessed and presented by recipient APC to recipient
CD4 + T cells. In this paper, we present strong evidence
for a reversible suppression of this response by multiple
allogeneic blood transfusions. The precise nature of the
suppression is uncertain, but its specificity is likely to
be for allogeneic blood peptides. Mottram et al. [18]
have previously demonstrated in adoptive transfer stud-
ies that CD4 + T cells play a crucial part in the suppres-
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Fig.5 Antibody response to DA class I peptide in peptide-primed
rats given a course of DA blood transfuions. LEW rats were
primed with peptide 1 in Freund’s adjuvant and 4 weeks later be-
gan a 6-week course (weeks 4-10) of twice weekly transfusions of
DA blood. Sera were taken and tested for antibodies to peptide 1
in solid phase assays prior to priming with peptide () and at
week 2 ([ ]), week 4 (A), week 5 (@), week 6 (¥), week 8 (H)
and week 10 (A). There were five rats in each group and all gave
virtually identical results. Titrations from a typical rat in each
group are shown. Cpm indicates I RAR bound per assay

sion of graft rejection by donor blood transfusions in the
mouse. It is possible that allogeneic blood transfusions
might stimulate a suppressor type response in CD4 + T
cells recognising donor MHC peptides.

A sharing of incompatible antigens must of necessity
exist between the blood donor and the eventual kidney
donor to make immunological sense of the blood trans-
fusion effect in the clinic. However, the nature of such
antigen sharing has remained obscure. Our data suggest
that the sharing might be only at the level of small allog-
eneic peptides. There is likely to exist a greater degree
of MHC cross-reactivity at the level of small peptides
as compared to other modes of immune recognition
(e.g. direct CD4 + and CD8 + T-cell allorecognition, al-
loantibodies), and we would suggest that this might pro-

vide the key immunological link between blood and kid-
ney donors.

Claas et al. [4] have previously suggested that pep-
tide sharing between blood donor and eventual kidney
donor might be the basis of the blood transfusion effect.
Their hypothesis was based on the requirement in their
clinical studies of HLA-DR sharing between blood do-
nor and recipient, and assumes that a recipient response
to polymorphic donor peptides in the blood is strong
when there is HLA-DR sharing. However, the experi-
mental data we present here in support of a role for
polymorphic blood peptides were obtained in donor-re-
cipient strains that do not share class II antigens. We do
not think that there need be any absolute requirement
for class II sharing for an effective response to polymor-

. . 1
phic blood peptides. :

It has been suggested that constant stimulation of T
cells can lead to suppression via exhaustion [23], perhaps
by the induction of apoptosis via the CD95 pathway [17].
It has also been suggested that constant exposure of pe-
ripheral B cells to their specific antigen in the absence of
T help is likely to lead to deletion or anergy [1]. The B
cells specific for intact DA class I antigens were obvious-
ly being constantly and adequately exposed to antigen,
since the simple expedient of stimulating T help was suf-
ficient to induce a strong antibody response. However,
in spite of 6 weeks of constant antigenic exposure with-
out adequate T cell help, the B cells were still sufficiently
functional to mount an excellent antibody response. Sim-
ilarly, the T-helper cells could function well, in spite of re-
peated antigen exposure over 6 weeks.

It was interesting to note that the multiple blood
transfusions stimulated neither primary nor secondary
antibody responses to donor peptides. We have previ-
ously demonstrated that no antibodies to donor pep-
tides occur after rejection of DA kidney grafts by LEW
recipients [3]. It is likely that the peptide breakdown
products of graft or blood components remain intracel-
lular in phagocytic cells or on MHC class II molecules
of antigen-presenting cells. Thus, they might not be
available in the extracellular fluids in sufficient concen-
tration for interaction with specific B cells.
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